While breathing air at rest, aquatic Taricha torosa consumed 0.054 cm302 g-1 h-', which represent oxygen metabolism twice that of the terrestrial phase. There was no significant difference in the rate of oxygen consumption between phases upon submergence. Aquatic newts accumulated a significantly higher lactate debt than the terrestrial phase while underwater. Aquatic newts had a higher emerged heart rate and exhibited a significantly greater bradycardial response after 40 min of dive. Although initiation of the response was relatively slow in both phases, lowest heart rates were realized after 60-120 min. The reduced oxygen uptake and increased blood lactate levels during a dive by aquatic newts suggest that skin permeability may be a limiting factor for oxygen uptake. Data from this study do not indicate cutaneous changes to have respiratory consequence. Aquatic T. torosa skin exhibited significantly lower in vitro rates of water transfer in an osmotic gradient of 210 mOsm/liter and a significantly greater rate of sodium transport when compared to the terrestrial phase. The results of these experiments imply an osmoregulatory function for seasonal morphological skin changes displayed by T. torosa.
INTRODUCTION
The life cycle of the California Newt, Taricha torosa, is interesting because a complete change in habitat takes place on a seasonal basis. Male newts, during the aquatic breeding phase, undergo obvious morphological skin changes from granular to smooth appearance (Twitty 1966) . Movement away from the water in late spring is accompanied by morphological skin changes back to the terrestrial state. These transitional changes are not evident in females who remain in the water only long enough to breed and deposit egg packets (Smith 
1941; Twitty 1942
). The anatomical changes associated with newt "water drive" have been described by previous workers (Miller and Robins 1954; Grant and Grant 1958; Pimentel 1959 ), but the physiological consequences of such changes are still largely obscure. Transition to an aquatic environment places both respiratory and osmotic demands upon this basically terrestrial animal. Gas exchange in lunged urodeles involves both pulmonary and cutaneous surfaces (Whitford and Hutchinson 1965; Guimond and Hutchinson 1968). Bannikov (1948) showed that the breeding newt, Diemictylus viridescens, placed in water deprived of atmospheric oxygen survived longer than did nonbreeding specimens under the same conditions. This suggested that the aquatic phase was characterized by lower metabolic requirements and/or greater anaerobic capacities.
Two factors which are important in 231 determining the duration of a dive by salamanders are the oxygen requirements of the animal and its ability to obtain oxygen from the water. The fresh water habitat poses two additional stresses; water gain by osmosis and electrolyte loss by diffusion (Bentley 1971 rates of oxygen consumption were measured at 15 C in a darkened 250-cm3 chamber. The animals were allowed to settle down in the chamber for 3 h. The chamber was then flushed with air and the system closed for a 20-min period. At the end of 20 min a 90-cm3 sample of air was removed through a serum cap port by a syringe fitted with a two-way stop cock. Oxygen in the sample was determined with a Beckman E-2 Paramagnetic Oxygen Analyzer. Aquatic respiration.-Animals were restrained in a 4 X 12-cm perforated cylindrical tube which was inserted into a 1-liter container filled with APW previously equilibrated at ambient pO2. The system was closed with a rubber stopper housing an 02 electrode. With this electrode, changes in oxygen content were monitored on a Beckman Model 160 Physiological Gas Analyzer which was calibrated by bubbling nitrogen through water previously equilibrated in air. The entire container was submerged for 30 min in a water bath maintained at 15 C.
Heart rate.-Heart rate was determined with two EEG disc electrodes fitted in a harness secured to the pectoral region of the salamander. Continuous electrocardiograms (EKGs) were recorded on a physiograph (Narco Biosystems, Inc.). The salamander, with attached dermal leads, was placed in a 4 X 12-cm perforated cylindrical container to restrict his movement. The container housing the salamander was suspended, by means of attached string, inside a 5,000-cm3 chamber half-filled with APW. The chamber was, in turn, submerged in a 15 C water bath, thereby maintaining both the air and water at a constant temperature. A 2-h adjustment period was allowed in which the animal was suspended above the water in the perforated container. A 1-h forced dive was initiated by lowering the animal within the perforated chamber into the water. 
RESULTS
Oxygen consumption and heart rate before and during a dive.-The average aerial oxygen consumption was significantly higher (P < .05) for newts in the aquatic phase (table 1). A value of 0.054cm302 g-lh-1 at rest for the aquatic phase represents an oxygen consumption rate twice that of the terrestrial phase. A significant reduction in oxygen consumption was observed in aquatic (P < .005), but not terrestrial newts (P > .10) upon submergence.
Both aquatic and terrestrial Taricha torosa exhibited a bradycardial response upon complete submergence at 15 C ( fig. 1) . Reduction in heart rate was not immediate, and the full extent of decline took from 60 to 120 min. Aquatic newts Water and sodium transport across excised skin.-Aquatic excised skin showed a significantly reduced (P < .05) rate of water transfer and higher rate (P < .005) of sodium transport in comparison to the terrestrial excised skin (table 2) .
DISCUSSION
The results of the present study indicate that the resting metabolism of terrestrial newts after estivation is less than newts in the aquatic phase. This is in agreement with the work of Noble (1931) and Vernberg (1952) Oxygen availability to an aquatic newt would be greatly influenced by several obvious factors, such as: (1) basic circulatory parameters including peripheral circulation, blood flow, hemoglobin concentration, plasma volume, and blood oxygen carrying capacity, and (2) general physical restraints such as skin permeability and surface to volume ratio. Czopek (1959) observed an increase in the number of skin capillaries in Triton cristatus during the breeding state and suggested that this functioned to increase cutaneous blood flow and enhance 02 uptake. In addition, Whitford and Hutchinson (1965) have shown that there is less diffusion of 02 through the skin of Ambystoma tigrinum in water than in air at 15 C. This reduction could be related to a lower 02 gradient between the environment and the dermal capillaries. For these reasons, an increase in peripheral capillarity would increase oxygen availability for an aquatic organism. Aquatic Taricha torosa however, when submerged, did not show a higher oxygen consumption per unit body weight over that of submerged terrestrial phase newts. In addition, they exhibited greater activity while underwater, thus incurring higher energy requirements which were reflected by a deeper bradycardial response ( fig.  1 ) and higher blood lactate levels (table 1). These data suggest that changes in newt skin did not increase oxygen availability to the animal but may serve an alternate function associated with reentry into an aquatic habitat. Schmid (1965) found skin of aquatic anurans to be less permeable to water than the more terrestrial species. A reduction in cutaneous water permeability, as demonstrated in this study on aquatic phase Taricha torosa, would significantly decrease the problem of excess water influx while in an aquatic environment.
The solute efflux from urinary sources in turn must be replenished by transport across the skin and by feeding. This was demonstrated by Crabbe (1961) who showed that the rate of sodium transport across in vitro anuran skin increased when the animal had been previously maintained for several days in distilled water. Similarly, in this study, the in vitro sodium transport across the skin of newts in the aquatic phase was 64% greater than the skin of terrestrial phase newts, thereby compensating for electrolyte losses imposed by the aquatic environment.
It is suggested, therefore, that the described cutaneous characteristics of breeding Taricha torosa, while not affording a respiratory advantage, do show adaptive osmoregulatory benefits over the nonbreeding newts for survival in a fresh water habitat by limiting osmotic flooding and increasing active sodium uptake. 
